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METHOD

FIELD OF THE INVENTION

5 Hie present invention relates to a method for preparing flour products - such as flour

doughs - and cooked and/or baked products therefrom*

More in particular, the present invention relates to .fee field of food manufacturing, in

particular to the preparation of improved bakery products and other farinaceous food

10 products. Specifically, the invention concerns the use of a new combination for improving

the stability and/or machineability ofdough and/or improving the quality ofbaked and dried

products made from such doughs,

TECHNICAL BACKGROUND AND PRIORART

35

The "strength" or "weakness" of doughs is an important aspect of maTnng farinaceous

finished products from doughs, including baking. The "strength" or "weakness" of a dough

is primarily determined by its content ofprotein and in particular the content and the quality

of the gluten protein is an important factor in that respect Flours with a low protein content

20 axe generally characterised as "weak". Thus, fee cohesive, extensible, rubbery mass which

is formed by mixing water and weak flour will usually be highly extensible when subjected

to stress, but it will not return to its original dimensions when the stress is removed.

Flours with a high protein content are generally characterised as "strong" or "hanF flours

25 and the mass formed by mixing such a flour and water will be less extensible than the mass

formed from a weak flour, and stress which is applied during mixing will be restored

without breakdown to a greater extent than is the case with a dough mass formed from a

weak flour. Strong flour is generally preferred in most baking contexts because of the

superior rheological and handling properties of the dough and the superior form and texture

30 qualities ofthe finished baked or dried products made from the strong flour dough.

Dough quality may be largely dependent on the type or types of flour present in the dough

and/or the age of the flour or flours.
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Doughs made from strong flours are generally more stable. Stability of a dough is one of

the most important characteristics of flour doughs. Within the bakery and milling industries

it is known to use dough "conditioners" to strengthen the dough to increase its stability and

5 strength. Such dough conditioners are normally non-specific oxidising agents such as e.g.

iodales, peroxides, ascorbic acid, K-bromate or azodicaxbcmamide and they are added to

dough with the aims of improving the baking performance of flour to achieve a dough with

improved stretchability and thus having a desirable strength and stability. The mechanism

behind this effect of oxidising agents is that the flour proteins, in particular gluten contains

10 thiol groups which, when they become oxidised, form disulphide bonds whereby the protein

forms a more stable matrix resulting in a better dough quality and improvements of the

volume and crumb structure of the baked products.

However, the use ofseveral of the currently available non-specific oxidising agents.is:\eith^:;x

15 objected to by consumers or is not permitted by regulatory bodies. Hence it has been

attempted to find alternatives to these conventional flour and dough additives, and the prior

art has inter alia (La.) suggested the use of oxidoreductases such as glucose oxidase£EC

1.1.3.4), carbohydrate oxidase, glycerol oxidase, pyranose oxidase (EC 1.1.3.10) -and

hexose oxidase for this purpose.

20
.'.*:;

US 2*783,150 discloses the addition of glucose oxidase to flour to improve dough strength

. and texture and appearance ofbaked bread.

CA 2,012,723 discloses bread improving compositions comprising cellulolytic enzymes

25 such as xylanases and glucose oxidase, the latter enzyme being added to reduce certain

disadvantageous effects of the cellulolytic enzymes (reduced dough strength and stickiness)

and it is disclosed that addition of glucose is required to obtain sufficient glucose oxidase

activity.

30 JP-A-92-084848 sngg&sts the use of a bread improving composition comprising glucose

oxidase and lipase.
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As disclosed in WO 96/39851, the use of glucose oxidase as a dough improving additive

has the limitation that this enzyme requires the presence of sufficient amounts of glucose as

a substrate m order to be effective in a dough system and generally the glucose content in

cereal flours is low. Therefore the absence of glucose in doughs or the low content thereof

5 in doughs will .be a limiting factor for the effectiveness of ghicose oxidase as a dough

improving agent

WO 96/39851 discloses a method of improving the rheological properties of t flour dough

and the quality of the finished product made from the dough comprising adding to the

10 dough an oxidoreductase such as hexose oxidase (HOX).

Hexose oxidase (HOX) (D-bexose:02-oxidoreductase, EC LI 3.5) is an enzyme which in

the presence ofoxygen is capable of oxidising D-glucose and several other reducing sugars

including maltose, ghicose, lactose, galactose, xylose, arabinose and celiubiose to their

15 corresponding lactones with subsequent hydrolysis to the respective aldobicmic acids.

Accordingly, hexose oxidases differ from glucose oxidase which can only convert D-

glucose, in that hexose oxidases can utilise a broader range ofsugar substrates.

WO 94/04035 discloses a method ofimproving properties of a dough (with and without fat)

20 and/or baked product made from dough by adding a lipase ofmicrobial origin to the dough

The use of the microbial lipase resulted in an increased volume and improved softness of

the baked product Furthermore an antistaling effect was found

EP 1 108 360 Al discloses a method of preparing a flour dough The method comprises

25 adding to the dough components an enzyme that under dough conditions is capable of

hydrojysing a nonpolar lipid, a glycolipid and a phospholipid, or a composition containing

said en2yme and mixing the dough components to obtain the dough .

WO 02/03805 discloses that the addition to dough of a combination of two lipases with

30 different substrate specificities. The combination produces a synergistic effect on the dough

•or on a baked product made from the dough. Optionally, an additional enzyme may be used

together with the lipase.
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SUMMARY OF THE INVENTION

We have surprisingly found that a combination of a maltose oxidising enzyme "MOXM and

5 an emulsifying agent results in particularly advantageous properties in dough and dough

products and/or in baked products therefrom. In particular the stability (e.g. shock

stability) and/or rheological (eg. decrease in stickiness) and/or machineability properties

and/or the resultant volume of either the dough and/or baked products (e.g, baked products

with better crumb structure and/or homogeneity) is/are improved. Furthermore, the

10 combination of theMOX and emulsifying agent results in an improvement in bread quality,

in particular in respect of specific volume and/or.crumb homogeneity,.

The invention further relates to the use of a MOX and an emulsifying agent to improve the

rheological and/or machineability properties ofdough. 2^'.^;

15
•

The invention further relates to the use of a MOX and an emulsifying agent to improve the

volume of.a baked product made from a dough.

DETAILED ASPECTS

20 -
.

'

? -

In one aspect fhe invention provides a method of improving the rheological and/or

.machineability properties of a flour dougji. and/or the quality (e.g. volume) of the product

made from the dough, comprising adding to the dough a combination comprising a maltose

oxidising enryme (MOX) and an emulsifying agent

25
*

Factors which influence the rheological properties and/or the machineability include

stickiness and extensibility.

Suitable maltose oxidising enzymes for use in accordance with the present invention and/or

30 for use in the method ofthe present invention include (but are not limited to) an enzyme

selected from the group consisting ot the hexose oxidase disclosed in W096739851 ; the

carbohydrate oxidase disclosed in EP 1 041 890; the gjucooligosaccharide disclosed in lin

S.R et al Biochim. Biophys. Acta 1991 (Dec 1 1); 1 1 1 8(l):41-47 or variants or bomologues
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or derivatives ofany thereof. Each of these references is incorporated herein by reference.

Other suitable enzyme may be identified by screening for maltose oxidising ability.

Preferably, the MOX is an oxidoreductase.

5

A highly preferred MOX is a hexose oxidase (HOX).

In another aspect the invention provides a method of improving the theological and/or

machineability properties of a flour dough and/or the quality (e.g. volume) of the product

10 made frpm the dough, comprising adding to the dough a combination comprising a MOX
and an emulsifying agent wherein the flour dough comprises at least one further dough

additive or ingredient

In another aspect the invention provides a method of improving , the rheologicai and/or

15 machineability properties of a flour dough and/or die quality (e.g. volume) of the product

made from the dough, comprising adding to the dough a combination comprising a MOX
and an emulsifying agent wherein the product is selected from the group consisting of a

bread product, a noodle product, a cake product, a pasta product and an alimentary paste

product

20

In another aspect the invention provides a method of improving the rheologicai and/or

machineability properties of a flour dough and/or the quality (e.g. volume) of the product

made from the dough, comprising adding to the dough a combination comprising a MOX
and an emulsifying agent wherein. at least one further enzyme is added to the dough

25 ingredients, dough additives or die dough.

In another aspect the invention provides a dough improving composition comprising a

MOX and an emulsifying agent

30 In another aspect the invention provides a dough improving composition comprising a

MOX and an emulsifying agent wherein the flour dough comprises at least one further

dough additive or ingredient
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In another aspect the invention provides use of a dough improving composition comprising

a MOX and an emulsifying agent in fee manufacture of a product made from dough

wherein the product is selected from the group consisting of a bread product, a noodle

product, a cake product, a pasta product and an alimentary paste product

5

In another aspect the invention provides a dough improving composition comprising a

MOX and an emulsifying agent wherein at least one further enzyme is added to the dough

ingredients, dough additives or the dough.

10 In another aspect the invention provides use of a dough improving composition comprising

aMOX and an emulsifying agent wherein said composition improves the theological and/or

machineabuity properties of flour dough.

In another aspect the invention provides use of a dough improving composition comprising.^

15 aMOX and an emulating agent wherein said composition improves the volume of a baked

product made from a flour dough.

In another aspect the invention provides a dough for addition to a sponge wherein said

dough comprises aMOX and an emulsifying agent

20

In another aspect the invention provides a dough for addition to a sponge wherehr said,

dough comprises a MOX and an emulsifying, agent and wherein the dough comprises at

least one further dough additive or ingredient

25 In another aspect the invention provides a dough improving composition wherein said

dough improving composition comprises at least the following components: a MOX, an

emulsifying agent and a further enzyme.

In another aspect the invention provides a dough improving composition wherein said

30 dough improving composition comprises at least the following components: a MOX, an

emulsifying agent and a further enzyme wherein said emulsifying agent is a lipase and/or

wherein said further enzyme is a xylanase.
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In a further aspect, the invention provides the use of a dough improving composition in

baking wherein said dough improving composition comprises at least the following

components: a MOX, an emulsifying agent and a further enzyme wherein said emulsifying

agent is optionally a lipase and/or wherein said further enzyme is optionally a xylanase.

5

In another aspect, tie invention provides a process far producing a dough improving

composition comprising adding to one or two of the components of said dougji improving

composition two or one ofthe other components respectively wherein said dough improving

composition comprises at least the following components: a MOX, an emulsifying agent

10 and a further enzyme wherein said emulsifying agent is optionally a lipase and/or wherein

said further enzyme is optionally a xylanase.

In a further aspect, the invention provides a baked product or dough obtained from the

dough improving composition wherein said dough improving composition comprises at

15 least the following components: a MOX, an emulsifying agent and a further enzyme

wherein said emulsifying agent is optionaDy aiipase and/or wherein said further enzyme is

optionally a xylanase.

In another aspect, the invention provides a baked product or dougji obtained frcm the use of

20 a dough improving composition wherein said dougji improving composition comprises at

least the following components: a MOX, an emulsifying agent and a further enzyme

wherein said emulsifying agent is optionally a lipase and/or wherein said further enzyme is

optionaDy a xylanase.

25 In another aspect, the invention provides a baked product or dough obtained from a process

for producing a dough improving composition comprising adding to one or two of the

components of said dough improving composition two or one of the other components

respectively wherein said dough improving composition comprises at least the following

components: a MOX, an emulsifying agent and a further enzyme wherein said emulsifying

30 agent is optionally a lipase and/or wherein said further enzyme is optionally a xylanase.

Dough Preparation
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• In accordance with the invention, the dougb is prepared by admixing flour, water, the dough

improving composition and optionally other ingredients and additives. The dough •

improving composition can be added together with any dough ingredient including the

flour, water or optional other ingredients or additives. The dough improving composition

5 can be added before the flour or water or optional other ingredients and additives. The

dough improving composition can be added after the flour or water, or optional olher

ingredients and additives. The dough can be prepared by any conventional dough

preparation method common in the baking industry or in any other industry making flour

dough based products.

10
"

The dough improving composition can be added as a liquid preparation or in the form of a

•

dry powder composition either comprising the composition as the sole active component or

in admixture with one or more other dough ingredients or additive.

15 Dough

The dough of the invention generally comprises wheat meal or wheat flour and/or other

types of meal, flour or starch such as com flour, com starch, maize flour, rice flour, rye

meal, rye flour, oat flour, oat meal, soy flour, sorghum meal, sorghum flour, potato meal,

20 potato flour or potato starch.

The dough of the invention may be fresh, frozen, or part-baked.

The dough of the invention can be a leavened dough or a dough to be subjected to

25 le^ening. The dough may be leavened in various ways, such as by adding chemical

leavening agents, e.g, sodium bicarbonate or by adding a leaven (fermenting dough), but it

is preferred to leaven the dough by adding a suitable yeast culture, such as a culture of

Saccharomyces cerevisiae (baker's yeast), e.g. a commercially available strain of S.

cerevisiae.

30

.The dougb may also comprise other conventional dough ingredients, e.g.: proteins, such as

milk powder, gluten, and soy, eggs (either whole eggs, egg yolks or egg white); an oxidant

such as ascorbic acid, potassium bromate, potassium iodate, azodicarbonamide (ADA) or
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ammonium pexsulfate; an amino acid such as L-cysteins; a sugar; a salt such as sodium

chloride, calcium acetate, sodium -sulfate or calcium sulfate.

The dough may comprise fat such as granulated, fetor shortening.

5

The dough may furthercxnnprise a further emuisiner such as mono- or diglycsrides, sugar

esters of fatty acids, polygfycerol esters of fetty acids, lactic acid esters ofmonogiycerides,

acetic acid esters ofmonoglycerides, polyoxethyieae stearates, or lysoledthin.

10 The invention also provides a pre-mix comprising flour together with the combination as

dsscribed herein* The pre-mix may contain other dough-improving md/ot bread-improving

. additives, e,g. any ofthe additives, including enzymes, mentioned herein.

Preferably the flour dough comprises a hard flour.

15

The term "hard flour** as used herein refers to flour which has a higher protein content such

as gluten than other flours and is suitable for the production of, for example, bread. The

terra
te
bard flour" as used herein is synonymous with the term "strong flour".

20 A preferred flour is wheat flour. However doughs comprising flour derived from, for

example, maize, com, oat, barley, rye, durra, rice, soy, sorghum and potato ate also

contemplated

Preferably the flour dough comprises a hard wheat flour. • •
•

25
•

Rheologica! properties

The phrase "Theological properties" as used herein relates to the physical and chemical

phenomena described herein which in combination will determine the performance of flour

30 doughs and thereby also the quality ofthe resulting products.
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The phrase '^hineability of a flora- dough" as used herein refers to the improved

manipulation by machinery of the dough. The dough is less sticky compared to the dough

without the addition of the combination*

5 In a further embodiment, the* invention relates to improvement of the theological

characteristics of the dough including that the gluten index in the dough is increased by at

least 5%, relative to a dough without addition of a combination, the gluten index is

determined by means ofa Glutomatic 2200 apparatus.

10 The phrase "rheological properties" as used herein refers to the effects of dough

conditioners on dough strength and stability as the most important characteristics of flour

dougjis. According to American Association of Cereal Chemists (AACC) Method 36-01

A

the term "stability" can be defined as "the range of dough time over which a positive

response is obtained and that property of a rounded dough by which it resists flattening.
;

15 under its own weight over a course of time". According to the same method, the term

"response" is defined as "the reaction of dough to a known- and specific stimulus, substance

or set of conditions, usually determined by baking it in comparison with a control".

As it is mentioned herein, it is generally desirable to improve the baking performance of

20 flour to achieve a dough with improved stretchability and thus having a desirable strength

and stability by adding oxidising agents which cause the formation of protein disulphide-

bonds whereby the protein forms a more stable matrix resulting in a better dough quality

and improvements of the volume and crumb structure ofbaked products.

25 The effect of the combination on theTheological properties of the dough can be measured

by standard methods according to the International Association of Cereal Chemistry (ICC)

and the American Association of Cereal Chemistry (AACC) including the amylograph

method (ICC 126), the farinograph method (AACC 54-21) and the extensigraph method

(AACC 54-10). The AACC method 54-10 defines the extensigraph in the following

30 manner "the extensigraph records a load-extension curve for a test piece of dough until it

.breaks. Characteristics of load-extension curves or extensigrams are used to assess genera3

quality of flour and its responses to improving agents". In effect, the extensigraph method



WO 03/099016

11
PCT/IB03/02585

measures the relative strength of a dough. A strong dough exhfoits a higher and, in some-

cases, a longer extensigraph curve than does a weak dough.

In a preferred embodiment of the invention, the resistance to extension of the dough £n

5 terms of the ratio between the resistance to extension (height of curve, B) and the

extensibility (length of curve, C), Le. the*B/C ratio as measured by the AACC mefcod 54-

10 is increased by at least 10% relative to that ofan otherwise similar dough not containing

a combination, hi more preferred embodiments, the resistance to extension is increased by

at least 20%, such as at least 50% and in particular by at least.100%,

10

It has been found that the addition of the composition of the present invention to bakery

product doughs results in bakery products such as yeast leavened and chemically leavened

products in which the specific volume is increased relative to an otherwise similar bakery

product In this context, the expression "specific- volume0 is used to indicate the ratio

15 between volume and weight of the product It has been found that in accordance with the

method described herein, the specific volume can be increased significantly such as by at

least 10%, preferably by at least.20%, including by at least 30%, preferably by at least40%
and more preferably by at least 50%.

20 The present invention is highly suitable for improving the rheological and/or machineability

properties and/or quality (e.g. volume) of the finished products (products,made from the

dough) of conventional types of yeast leavened bread products based on wheat flour, such

as loaves and rolls. The present invention is also suitable for improving the rheological

properties of doughs containing chemical leavening agents (baking powder) and the quality

25 (e.g. volume) of products made from such doughs. Such product include as examples

breads, sponge cakes and muffins.

Noodles

30 In one interesting aspect, the invention is used to improve the rheological and/or

machineability properties ofdoughs intended for noodle products including "white noodles"

and "Chinese noodles" and to improve the textural qualities of the finished noodle products.

A typical basic recipe for the manufacturing ofnoodles comprises the following ingredients:
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wheal flour 100 parts, salt 0.5 parts and water 33 parts. Furthermore, glycerol is often

added to the noodle dough. The noodles are typically prepared by mixing the ingredients in

an appropriate mixing apparatus followed by rolling out the noodle dough using an

appropriate noodle machine to form the noodle strings which are subsequently air dried.

5

The quality of the finished noodles is assessed inter alia (La.) by their colour, cooking

quality and texture. The noodles should cook as quickly as possible, remain firm after

cooking and should preferably not loose any solids to the cooking water. On serving the

noodles should preferably have a smooth and firm surface not showing stickiness and

10 provide a firm, "bite"! and a good moufhfeel. Furthermore, it is important that the white

noodles have a light colour.

"
Since the appropriateness of wheat flour for providing noodles having the desired textural

and eating qualities may vary according to the year and the growth area, it is usuaLto add-

15 noodle improvers to the dough in order to compensate for sub-optimal quality of the flour.

Typically, snch improvers will comprise dietary fibre substances, vegetable proteins,

emulsifi'ers and bydrocolloids such as e.g. alginates, carragesnans, pectins, vegetable gums

including guar gum and locust bean gum, and amylases, and glycerol.

20 It is therefore an important aspect of the invention mat the composition according to the

invention is useful as a noodle-improving agent optionally in combination with glycerol and.

other components currently used to improve the quality ofnoodles. Thus, it is contemplated

that noodles prepared in accordance with the method herein will have improved properties

with respect to colour, cooking and eating qualities including a firm, elastic and non-sticky

25 texture and consistency.

Alimentary paste product

In a further useful embodiment, the dough which is prepared by the method according to the

30 invention is a dough for preparing an alimentary paste product Such products which

include as examples spaghetti and macaroni are typically prepared from a dough comprising

main ingredients such as flour, eggs or egg powder and/or water. After mixing of the

ingredient, the dough is formed to the desired type of paste product and air dried. It is
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contemplated that the addition of the combination to paste dough, optionally in combination

with its substrate, will have a significant improving effect on the extensibility and stability

hereofresulting in finished paste product having improved textural and eating qualities.

5 Bread

In the invention the improvement ofthe Theological properties of the dough include that* the

resistance to extension of the dough in terms of the ratio between resistance to extension

'

- (height of curve, B) and the- extensibility (length of curve, Q9 Le. the B/C ratio, as

10 measured by the AACC method 54-10 is increased.by at least 10% relative to that of an

otherwise similar dough that does not comprise the combination and wherein the

improvement ofthe quality ofthe finished product made from the dough is mat the average

pore diameter of fee crumb of the bread made from fee dough is reduced by at least 10%,

relative to a bread which is made from a bread dough without addition offee combination.

15 .

' In a further embodiment, the invention, implies that the improvement of the quality of the

product made from the dough consists in that the pore homogeneity of fee crumb of fee

bread made from the dough is increased by at least 5%, relative to a bread which is made

from a bread dough without addition of the combination. The pore homogeneity ofbread is

20 conveniently measured by means of an image analyser composed of a standard CCD-video

camera, a video digitiser and a personal compute wife WinGrain software. Using such an

analyzer, the results ofpore diameter in mm and pore homogeneity can be calculated as an

average ofmeasurements from lOsIices ofbread. The pore homogeneity is expressed in %
ofpores that are larger than 0.5 times fee average ofpore diameter and smaller than 2 times

25 the average diameter*

Preferably, fee dough is a yeast leavened dough. Although, it is preferred to use fee method

offee present invention for fee manufacture ofyeast leavened bread products such as bread

loaves, rolls or toast bread, the use of fee method for any other type of dough and dough

30 based products such as noodle and pasta products and cakes, the quality of which can be

unproved by fee addition of the combination according to the present invention, is also

contemplated.
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Preferably the method comprises a further step that 1he dough is baked to obtain a baked

product

Preferably, when the dough is a bread dough, fee method comprises as a farther step that the

5 doBghis-baked to obtam a baked product One particularly desired property ofbaked bread

products is a high specific volume as defined in the examples. Accordingly, the addxhon of

the combination of the invention preferably results in an increase of the specific volume of

the baked product that is at least 10%, relative to a baked product made under identical

conditions except that the enzyme is not added. More preferably, the increase of the

,0 specific volume is at least 20% such as at least 30%, e.g. at least 40%. Alternatively, the

dough is a dough selected from the group consisting of a pasta dough, a noodle dough, and

a cake dough, or batter.

The phrase "quality of the product" as used herein refers to the final. and stable Volume,

15 anttVoi crust colour and/or texture and taste.

In one aspect of the present invention, the term "product made from dough"- as used herein

refers to a bread product such as in the form-of loaves or rolls, french baguette type bread,-

pitabread, tacos and crisp bread. In a highly preferred embodiment, the "product-made from

M dough" is a bread product such as loaves, rolls, frencn baguette type bread, pita bread, and

crisp bread.

In another aspect of the present invention, the term "product made from dough" refers to

cakes, pan-cakes, biscuits.

25
'

In a further aspect of the present invention the term "product made from dough" refers to

pasta.

In another aspect of the present invention,, the term "product made from dough" refers to

30 noodles.

In a further aspect of the present invention, the tenn>oduct made from dough" refers to

alimentary paste product
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Enzyme amount

Preferably the or each enzyme is added in an amount from- 1-1000 ppm, preferably 25-

5 500 ppm, more preferably 50-300 ppm.

MOX activity assay

Suitable maltose oxidising enzymes far use in accordance with the present invention and/or

10 for use in the method ofthe present invention include (but are not limited to) an enzyme

selected from the group consisting of: the bexose oxidase disclosed in W09.fi/3985l; fee

carbohydrate oxidase disclosed in EP 1 041 890; the ^ucooligosaccharide disclosed in Lin

Sisefa/Biocbim. Biophys. Acta 1991 (Decll); 1118(I);4M7 or variants orhomologues

or derivatives of any thereof. Each ofthese references is incorporated herein by reference.

15

Other suitable enzyme may be identified by screening for maltose oxidising ability - such

as by using appropriate assay(s). •
*

The MOX assay is based cm the measurement of hydrogen peroxide generated in the

20 oxidation of maltose. The hydrogen peroxide is oxidised with ABTS in presence of*

peroxidase to fonn a dye.

MOX
maltose + H20 + O2 —> • D-glucono-delta-Iactone +H202

25

Peroxidase

H2O2 +ABTS^ —> Oi + HzO + ABTSo*.

Reagents:

30 1) 100mM phosphate buffer, pH 6.3

2) 55 mM maltose (SIGMA, 47288) in 100mM phosphate buffer, pH 6.3

- 3) ABTS (SIGMA, A 1 888), 5.0 mg/ml in distilled water ,

4) Peroxidase (SIGMA, P-6782), 0. 1 0 mg/ml in 1 00 mM phosphate buffer, pH 6.3
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Substrate:

4.600 ml reagent 2

0.200 ml reagent 3

5 0.200 ml reagent 4

Assay:

290 pi substrate and

10 ul) enzyme solution

10
•

The reaction is initiated by the addition of enzyme solution. The mixture is incubated at

25°C and kinetics of the reaction are measured for 10 minutes on a spectrophotometer (405

nm). The blank sample contains all the components except for the enzyme solution which is

•

replaced by water. From the measurement the slope of OD/nrin curve is calculated,:

15 Hydrogen peroxide standard curve: A hydrogen peroxide standard curve can be constructed

by using varying concentrations of freshly prepared H2Oj solution (MERCK perhydrol

• 107298). One unit ofenzyme activity is denned as the amount of enzyme which produced 1

prool ofH2Cb per rain at 25e
C.

20 Preferably, the MOX is an oxidoreductase.

HOX

A highly preferredMOX is HOX.

25

The term "HOX" as used herein refers to Hexose oxidase.CD-hexosetCb-oxidoreductase, EC

1.1.3.5).

Hexose oxidase is capable ofoxidising maltose. Hexose oxidase in the presence of oxygen

30 is capable ofoxidising D-glucose and
several other reducing sugars including maltose,

lactose, galactose, xylose, arabinose and cellobiose to their corresponding lactones with

subsequent hydrolysis to the respective aldobionic acids. Accordingly, hexose oxidases

differ from glucose oxidase which can only convert D-glucose, in that hexose oxidases can
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utilise a broader range ofsugar substrates. The oxidation catalysed by the enzyme can be

illustrated as follows:

D-Glucose + O2 —> 5-D-giuconoIactone + E^Qi, or

D-Galactose + O2 —> y-D-galactogalactcme + HsCbor

5 Maltose + Q2 —> gnmaltpbionolactone + H2O2 or

(in gluten^ RHS + H2O2 —>RS -SR + 2H20
where R; Protein molecule HS: Thiol groups S-S: Disulfide bonds

10 Hexose oxidase (which may be referred to hereinafter as "HOX") has been isolated from

several red algal species from the family Gigartmaceae* which belong to the order

Gigartinales, such as Iridophycusflaccidum (Bean and Hassid, 1956, J. Biol. Chemi;

. 218:425^36) "and Gfond^cr*^

Additionally, algal species in theorder Cryptomemales, including the species Euthom

15 cristata (Sullivan etaL 1973, Biochemica et Biophysica Acta, 309:1 1-22) have been shown

to produce HOX.

Other potential sources ofhexose oxidase according to the present invention include

microbial species or land-growing plant species. Thus, as an example of such a plant source,

20 Bean et aL, Journal of Biological Chemistry (1961) 236: 1235-1240, disclosed an

oxidoreductase from citrus fruits which is capable ofoxidizing a broad range ofsugars

including D-glacose, D-galactose, cellobiose, lactose, maltose, D-2-deoxyglucose, D-

mannose, ^glucosamine and D-xylose. Another example ofan enzyme having hexose

oxidase activity is the enzyme system ofMalleomyces mallei disclosed by Dowling et aL,

25 Journal ofBacteriology (1956) 72:555-560.

The HOX may be isolated and/or purified from natural sources or it may be prepared by use

ofrecombinant DNA techniques.

30 An enzymes) havingHOX activity and prepared by recombinant DNA techniques is taught

in WO96/40935. The enzyme(s) taught therein may be suitable for use in accordance with

the present invention. This document is incorporated herein by reference.



WO 03/099036
18

PCT7IB03/025S5

US6251626 discloses a HOX enzyme including sequences, which enzymemay be suitable

for use in accordance with the present invention.

The HOX enzyme for use in accordance with the present invention may be a variant or

5 derivative of a natural HOX.

The HOX enzyme, or a variant or derivative ofa natural HOX, suitable for use in

accordance with the present invention preferably oxidises maltose in the dough fi.e in situ

oxidisation ofmaltose).

10

Preferably, the HOX is added in a substantially pure and/or substantially isolated form.

When using natural sources for hexose oxidase, fee enzyme is typically isolated from the

starting material, such as the algal starting material, by extraction using an aqueous

extraction medium. As starting material, algae in their fresh state as harvested from the _
15 marine area where they grow may be used and/or algal material which has been dried may

be used, e.g. by air-drying the fronds of the algae at ambient temperatures or by any

appropriate industrial drying method such as drying in circulated heated air or by freeze-

drying. In order to facilitate the subsequent extraction step, the fresh and/or dried starting

material may advantageously be coinminuted e.g. by grinding or blending.

20 •
. .

As the aqueous extraction medium, buffer solutions, e.g. having a pH in the range of 5-8,

such as 0.1 M sodium phosphate buffer, 20 mM triethanolamiiie buffer or 20 mM Tris-HCl

buffer, are suitable. The hexose oxidase, is typically extracted from the algal material by

suspending fee starting material in the buffer and keeping fee suspension at a temperature in

25 fee range of0-20
DC such as at about 5°C for 1 to 5 days, preferably under agitation.

The suspended algal material is then separated from fee aqueous mediumby an appropriate

separation method such as filtration, sieving or centrifugation and fee hexose oxidase is

subsequently recovered from the filtrate or supernatant Optionally, the separated algal

30 material is subjected to one or more further extraction steps.

Since several marine algae contain coloured pigments such as phy«>cyanhis, it may be
-

required to subject the filtrate or supernatant to a further purification step whereby these
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pigments are removed. As an example, fee pigments may be removed by treating tie filtrate

or supernatant with an organic solvent in which the pigments are soluble and subsequently

separating the solvent containing fee dissolved pigments from fee aqueous medium.

Alternatively, pigments may be removed by subjecting fee nitrate or supernatant to a

5 hydrophobic interaction chromatography step.

The. recovery ofhexose oxidase from the aqueous extractionmedium is carried out by any

suitable,conventional method allowing isolation-ofproteins from aqueous media. Such

methods, examples ofwhich are described in detail in W096739851 (which application is

10 incorporated herein by reference), include conventional methods for isolation ofproteins

such as ion exchange chromatography, optionally followed by a concentration step-such as

• ultrafiltration. It is also possible to recover.fee.enzyme by adding substances such a? e.g.
•

• (NHO2SO4 or polyethylene glycol (PEG) which causes the protein to precipitate, followed

by separating the precipitate and optionally subjecting it to conditions allowing fee protein

15 to dissolve. •

For certain applications ofhexose oxidase it is desirable to provide fee enzymein a

substantially pure form, e.g: as a preparation essentially without other proteins or non-

protein contaminants, and accordingly, fee relatively crude enzyme preparation resulting

20 from the above extraction and isolation steps may be subjected to further purification steps

such as further chromatography steps, gel filtration or chromatofocusing as also described

by way ofexample in W096/39851.

Reference is also made herein to fee following US applications U&Sbf 60/438,852, US SN
25 1 0/001,136 and US SN 60/256,902, and WO02/39828 each ofwhich is incorporated herein

by reference, and which relate to fee use ofHOX in baked products.

HOX activity assay:

30 The HOX activity assay is based on the measurement ofhydrogen peroxide generated in fee

oxidation of glucose. The hydrogen peroxide is oxidised with ABTS in presence of
peroxidase to form a dye.

HOX.
p-D-glucose + H20 + Ch

.

-» D-glucono-delta-lactone + HjOj
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20

Peroxidase

Hjft +ABIS* -» 2HaO + ABTS«.

5 Reagents:

1) 1 00mM phosphate buffer, pH 6.3;

2) 55 mM D-glucose (SIGMA, G-8270) in 1 00mM phosphate buffer, pH 63;

3) ABTS (SIGMA,A 1 888), 5.0 mg/ml in distilled water,

4) peroxidase (SIGMA, P-6782), 0.10 mg/ml in 1 00 mM phosphate buffer, pH 63

Substrate:

4.600 ml reagent 2;

0.200 ml reagent 3;

0.200 ml reagent 4

15

Assay:

290 jil substrate

1 0 jjI enzyme solution

20 The reaction is initiated by the addition of enzyme solution. The mixture is incubated at

25°C and kinetics of the reaction are measured for 10 minutes on a spectrophotometer (405

nm). The blank sample contains all ofthe components except for the enzyme solution' which -

is replaced by water. From the measurement the -slope of OD/min curve is calculated.

Hydrogen peroxide standard curve: A hydrogen peroxide standard curve can be constructed

25 by using varying concentrations of freshly prepared H2O2 solution (MERCK peihydrol

107298). One unit ofenzyme activity is defined as the amount of enzyme which produced 1

pmol ofH2O2 per min at 25°C.

HOX is available commercially under the trade name Grindamyl™ SUREBAKE 800

30 available from Danisco A/S.

Emulsifying agent
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The emulsifying agent may be an emuMfisrper se or an agent that generates an emulsiiier

Conventional emulsifiers used in making flour dough products include as examples

5 monogjycsrides, diacetyl tartaric acid esters of mono- and diglycsrides ofMy acids* and

lecithins e.g; obtained from soya.

Examples ofemulsifying agents that can generate an emulsifier in situ include enzymes.

10 Preferably the emulsifying agent is a lipase.

Lipase

The ton "lipase" as used herein refers to enzymes which are capable of hydxolysing

15 carboxyiic ester bonds to release caiboxylate (EC 3,1.1). Examples of lipases include but

are not limited to triacylglycerol lipase (EC 3.1.13), galactolipase (EC 3.1. L26),

phospbolipase Al (EC 3.1.132) and phospboiipase A2 (EC 3.1.1.4).

The lipase may be isolated and/or purified from natural sources or it may be prepared by use

20 ofrecombinant DNA techniques.

Preferably the lipase is selected from the group comprising triacylglycerol lipase, a

galactolipase, phospbolipase.

25 In another aspect, the lipase(s) may be one or more of the following: triacylglycerol lipase

(EC 3.1.1.3), phospholipase A2 (EC 3.1.1.4), galactolipase (EC 3.1.126), phospbolipase Al

(EC 3.1.132), lipoprotein lipase A2 (EC 3.1.134). lipases am also known as lipolytic

enzymes.

30 For some aspects, preferably a combination oftwo or more lipases may be used

The lipase may be a variant or derivative of a natural lipase.
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For some aspects, preferably the lipase is a phospholipase (including a variant or derivative

thereof).

In another aspect, preferably the lipase is a galactolipase (including a variant or derivative

,5 thereof).

For some aspects, preferably the lipase has both triacylglycerol lipase and galactolipase

activity (including variants and derivatives thereof).

. -10 For some aspects, preferably the lipase has both triacylglycerol lipase and phospholipase

activity (including variants and derivatives thereof).

For some aspects, preferably the lipase has both phospholipase and galactolipase activity

(including variants and derivatives thereof). • -.

'

.15.
•

For some aspects, preferabiythe lipase has phospholipase, galactolipase and triacylglycerol

activity (including a variant or derivative).

For some aspects, preferably the lipase has phospholipase, galactolipase and triacylglycerol

20 activity (including a variants or derivatives thereof), and the lipase has a preference for

hydrolysis of long chain fatty acid residues (C12-C20) over short chain fatty acid residues

(C4-C10). An example of such a lipase is a lipase comprising a polypeptide wherein said

polypeptide comprises a sequence as shown in SEQ ID No 2 (or a variant or derivative or

homologue thereof), said lipase can be prepared by the methods disclosed in GRAS Notice

25 000103, copies of which are available from the Department of Health & Human Services,

Food & Drug Administration, Washington DC 20204. Other suitable lipases are disclosed

inWOOO/32758.

For some aspects, preferably a combination ofmore than one lipases may be used, such as

30 the combinations oflipases disclosed in WO02/03805.

Preferably the lipase is added in a substantially pure and/or substantially isolated form.
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Lipases that are useful in the present invention can be derived from z bacterial species, a
*

fungal species, a yeast species, an animal cell and a plant cslL Whereas fee enzyme may be

provided by cultivating cultures of such source organisms naturally producing lipase, it may

be mare convenient and cost-effective to produce it by means of genetically modified cells

5 such as it is described WO 9800136, The term "derived
0 may imply that a gene coding for

the lipase is isolated from a source organism and inserted into a host cell capable of

expressing the gene.

Suitable lipases for use in accordance with the present invention and/or for use in the

10 method offee present invention include (but are not limited to) one or more lipase selected

from me lipases disclosed in EP0130064, WO 98/26057, WO00/32758„ WO 02/03805, and

LipopanH, also referred to as Lecitase UltraTM and HL1232 (LipopanH is disclosed in
*

GRAS Notice G00l03i copies ofwhich are. available from the Department ofHealth &
Human Services, Food & Drug Administration, Washington DC 20204). Each ofthese

*

15 references is incorporated herein by reference.

Suitably, for some aspects of the present invention the lipase may be LipopanF (supplied by

Novozymes) or a variant, derivative or homologue thereof

20 Alternatively, the lipase(s) for use in accordance with the present invention and/or for use in

the method ofthe present invention may comprise the ammr* acid sequence shown as SEQ

ED No 1 or a variant, derivative or homologue thereof and/or the amino add sequence

shown as SEQ ID No 2 or a variant, derivative or homologue thereof

25 One example ofan amino acid sequence shown as SEQ ID No 2 is the amino acid sequence

shown as SBQ ID No 2a or a variant, derivative or homologue thereof

The amino acid sequence shown as SEQ ID No 2a may, for example, be truncated at

various points in the amino acid sequence. Each ofthese truncated sequences is also termed

30 SEQ ID No 2. The positions of suitable such truncations may be as shown in Figure 5 and

as described below. In Figure 5, there are two possible variations at theN terminus, and

four at the C- terminus ofSEQ ID No 2.
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Example N-termina] variants of SEQ ID No 2a:

Truncation of the N-teiminal sequence before ^SPIRR.

.

or

5

)0

Truncation of the N-terminal sequence before
lJEVSQDLFNQFN..-M

Example C-tenninal variants ofSEQ ID No 2a;

Truncation ofthe C-tenninal sequence after *\
.
.AHLWYFQATDACNAGGF1"

or

Truncation

or

ofthe C-tenninal sequence after "...AHLWYFQATDACNAGGFS
r

.

.

15

Truncation of the Gfennind sequence after . .
AHLWYFQATDACNAGGFS

W

r

or

'

Tnmcation ofthe C-temmal sequence after «V..AHLWYFQATDACNAGGFSWR1
"

20 In one aspect of the present invention, preferably the lipase, comprising a polypeptide

wherein said polypeptide comprises a sequence as shown in SEQ H> No 2 (or a variant,

derivative ofhomologue thereof), is a mixture of the variants, derivative or homologues of

SEQ ID NO 2 such as a mixture of the truncated forms of SEQ ID No 2 described herein.

25 Further dough additives or ingredients

Typically, further dough additives or ingredients (components) include conventionally used

dough additives or ingredients such as salt; sweetening agents such as sugars, syrups or

artificial sweetening agents, lipid substances including shortening, margarine, butter or an

30 animal or vegetable oil, glycerol and one or more dough additives such as emulsifying

agents, starch degrading enzymes, cellulose or hemiceDulose degrading enzymes, proteases,

non-specific oxidising agents such as those mentioned above, flavouring agents, lactic acid

bacterial cultures, vitamins, minerals, hydrocolloids such as alginates, carrageenans,



WO 03/099016

25
PCT/IB03/025$5

pectins, vegetable gums including e.g. guar gam and locust bean gum, and dietary fibre

substances.

The further dough additive or ingredient can be added together wife any dough ingredient

5 including the flour, water or optional other ingredients or additives, or the dough improving

composition. The further dough additive or ingredient can be added before the flour, water,

optional other ingredients and additives or the dough improving composition. The further

dough additive or ingredient can be added after the flour, water, optional other ingredients

and additives or the dough improving composition.

10 . * . . . .

The further dough additive or ingredient may conveniently be a liquid preparation.

However, the further dough additive or ingredient may be conveniently in the form ofa dry

composition. - . .
.

15 Preferably the further dough additive or ingredient is selected from the group consisting of a

vegetable oil, a vegetable fat, an animal fat, shortening, glycerol, margarine, butter, butterfat

and milk fat.

Preferably the further dough additive or ingredient is at least 1% the •weight of the flour

20 component of dough. More preferably, the further dough additive or ingredient is at least

2%, preferably at least 3%, preferably at least 4%, preferably at least 5%, preferably at least

6%.

If fee additive is a fat, then typically the fat may be present in an amount of from 1 to 5%,

25 typically 1 to 3%, more typically about 2%.

Further enzyme

Further enzymes that may be used may be selected from the group consisting ofa xylanase,

30 a cellulase, a heraiceUulase, a starch degrading enzyme, a protease, a lipoxygenase, an

oxidoreductase, a lipase and an oxidising enzyme such as any one or more of glucose

oxidase (EC LI 3.4), carbohydrate oxidase, glycerol oxidase, pyranose oxidase (EC

1.1*3.10) and hexose oxidase (EC 1. 1.3.5). • -
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Among starch dsgiadmg enzymes, amylases axe particularly useful as dough improving

additives, a-amylase breaks downs starch into dextrins which are further broken downby fi-

amylase to maltose. Other useful starch degrading enzymes which may be added to a dough

5 composition include glucoamylases and pullulanases.

Preferably, the further enzyme of the present invention is at least a xylanase and/or at least

an amylase.

,0 Tie term "xylanase" as used herein refers to xylanases (EC 3.2.132) which hydrolyse

xylosidic linkages.

The term "amylase" as used herein refers to amylases such as a-amylases (EC 3.2.1.1),

which hydrolyse 1,4-a-D-glucosidic linkages in polysaccharides containing three or more

:

15 1,4-a-linked glucose units, ^-amylases (EC 3.2.1.2) which hydrolyse 1,4-a-D-glucosidic

•

iMages in polysaccharides so as to remove successive maltose" units from the non-reducing

ends ofthe chains, and Y-amylases (EC 3.2.1.3) which hydrolyse the terminal 1,4-linked CC-

D-glucose residues successively from noi^reducing ends of chains with the release offJ-D-

glucose.

20

The further enzyme can be added together with any dough ingredient including the flour,

water or optional other ingredients or additives, or the dough improving composition. The

further enzyme can be added before the flour, water, and optionally other ingredients and

additives or the dough improving composition. The further enzyme can be added after the

25 flour, water, and optionally other ingredients and additives or the dough improving

composition-

The further enzyme may conveniently be a liquid preparation. However, the composition

may be conveniently in the form ofa dry composition.

30

In some aspects ofthe present invention it may be found that some enzymes of the dough

improving composition ofthe invention are capable of interacting with each other under the

dough conditions to an extent where the effect on improvement of the rbeological and/or
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machineabiiity properties of a flour dough and/or fee quality of the product made from

dougji by the enzymes is not only additive, but the effect is synergistic.

in relation to improvement of the product made from dough (finished product), it may be

5 found that the combination results in a substantial synergistic effect in respect to crumb

homogeneity as defined herein. Also, with respect to fhe g>ecific volume ofbaked product

a synergistic effectmay be found

Nucleotide sequence

10 ... ...
The enzyme need not be a native enzyme. In this regard; fce term "native enzyme" means an

entire enzyme that is in its native environment and when it has been expressed by its native

nucleotide sequence.

15 The nucleotide sequence of the present invention may be prepared using recombinant DNA
techniques (i.e. recombinant DNA). However, in an alternative embodiment of the

invention, the nucleotide sequence could be syntfaesised, in whole or in part, using chemical

methods well known in the art (see Caruthers MHeial (1980) Nuc Acids Res Symp Sex

215-23 and Horn Tetal (1980) Nuc Acids Res Symp Ser 225-232).

20 Amino acid sequences

The enzyme may be prepared/Isolated from a suitable source, or it may be marf»

synthetically or it may be prepared by use ofrecombinantDNA techniques,

25 Variants/bomologues/derivatives

The present invention also encompasses the use of variants, homologues and derivatives of

any amino acid sequence of an enzyme of the present invention or of any nucleotide

sequence encoding such an enzyme. Here, the tenn/Tiomologue" means an entity having a

30 certain homology with the subject amino acid sequences and the subject nucleotide

sequences. Here, the term "homology** can be equated with "identity".
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In the present context, an homologous sequence is taken to include an amino acid sequence

which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% identical to the

subject sequence. Typically, the homologues will comprise the same active sites etc. as fhe

subject amino acid sequence. Although homology can also be considered in terms of

5 similarity (Le. amino acid residues having similar chemical properties/functions), in the

context of the present invention it is preferred to express homology in terms of sequence

identity.

Homology comparisons can be conducted by eye, or more usually, with fee aid of readily

,0 available sequence comparison programs. These commercially available computer'

programs can calculate % homology between two or more sequences.

The invention will now be described by way of illustration in the following non-limiting

examples and with reference to the following figures

15

Figure 1 which is a photographic image ofa bread;

Figure-2 which is a photographic image ofa bread; and

20 Figure 3 which is a photographic image ofa bread.

. Figure 4 shows SEQ ID No 1.

Figure 5 shows SEQ ID No 2a and shows by way of arrows some of the positions at which

25 the amino acid sequencemay be truncated

EXAMPLES

Definitions

30

AD PANODAN™ products contain DATEM (Di-acetyl tartaric acid ester of

monoglycerides) and are obtained from Danisco A/S.
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PANODAN™ 521: DATEM containing bacterial xylanase and fungal amylase •

TS-E 662™ (obtained from Danisco A/S) is a product containing hexose oxidase

(HOX) (EC l.l.LS) from Ckondnts chrispus.expssssdm Hansenulapofymorpha.

SUREBake 800 (obtained from Danisco A/S) is a product containing hsxoseasidase

(HOX) (EC 1.1.1.5). SUREBake 800 may also be referred to as GRINDAMYL
SUREBake 800.

TS-E 680™ (obtained from Danisco .A/S) is a product containing fungal xylanase

(EC 3.2.1.8) irora.Aspergillus niger.

TS-E 861™ (obtained from Danisco.A/S) is a product containing fungal xylanase

'

(EC 3-2.1.8) from Aspergillus niger, lipase (EC 3.1.U) from Tkermomyces
lanuginosa expressed in Aspergillus oryzae, and hexose oxidase (EC 1.1.1.5) from
Chondrus crispus expressed in Hansenula potymorepha.

GRINDAMYL™H 640 (obtained from Danisco A/S): contains bacterial xylanase

Grindamyl H 121 (obtained from Danisco A/S) is a fungal xylanase (EC 3.2.1 .8)

from Aspergillus niger.

Grindamyl™ EXEL 16 (obtained from Danisco A/S) is hpase (EC 3.1.1J) from
Tkermomyces lanuginosa expressed inAspergillus oryzae.

Grindamyl™ EXEL 66 (obtained from Danisco A/S) is a mixture of lipase (EC
3.1.1.3) from Thermomyces lanuginosa expressed in Aspergillus oryzae and a fungal

xylanase (EC 3.2.1.8) from^eTgtf&y nfcer.

Lipopan F™ (Lipopan F BG) (obtained from Novozymes) is according to its

producer (Novozymes) a purified lipolytic enzyme from Fusarium oxysporum

produced by submerged fermentation of a genetically modified Aspergillus oryzae
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microorganism. According to its producer, Lipopan F has inherent activity toward

phospholipids, glycolipids and triglycerides.

Recipes/Procedures .

5

High Volume Tweedy

Recipe

Product Name % Gram ppm

Ijsvogel
lM

Flour (obtainable from

Meneba, NL)

3000

Water
' 58

Salt
... 60

Compressed yeast 180

Ascorbic acid

'

30

Procedure:

10 • Dough temperature: 29°C (dough temperature - flour temperature + 4°C - water

temperature) ........

• Mixing: 55 WH no vacuum

• Resting: 5 min. at room temperature

• Scaling: 500 g (bread), 1350 g (rolls)

15 • Resting: 5 min. at room temperature

"

• Moulding: Puma I 13 H 18 (bread), Fortuna 3/17/7 (rolls), Glimek (moulding

machine) 1:4,2:3,3:12,4:14

• Proofing: 70 min. at 43°C, 70% RH. (bread), 50 min. at 34
&
C, 85% RH. (rolls)

• Baking: BAGO, 35 min. + 5 min. with the steamer open at 220°C, 12 sec. steam

20 (bread), 17 min. at 220°C, 17 sec. steam (rolls)
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Traldsh Bated

Recipe

Product name % Gram ppm
Ijsvogd

IM
Flour (obtainable

from Meneba, NL)

2000

Water 57,00

Compressed ysast SO

Salt 30

Ascorbic acid 70

5 Procedure:

• Flour temperature: 15-1 7 °C (for trials - storage day before use at 15 °C)

• Mixing: 35 min. After 25 min," add salt

" After 30 min. add yeast

• Dough temperature: 23-25°C

10 • Resting: 30 min. Bulk rest on table (table = 22°C & 80% RH)

• Scaling 300 g. pieces

• Rounding: By band

• Resting: 25 min. on table (table - 22°C & 80% RH).. start clock when scaling

starts

15 • Molding = Glimek: 1:5, 2:4, 3:15, 4:10 „. 10 in inner position.

• Proofing: 60min. &90min. for this trial at 30°C & 85% RH
• Shock test

• Baking: 20 min. in Bagol & 25 min. in Bago2 .... the last 5 min. is with the

20 damper open for both ovens.

• Bagol
:
250°C start temperature 5 sec. steam with damper open. Oven temperature

down to 230°C at once. Close damper after VA min,

• Bago2: 275°C start temperature 8 sec. steam.with damper open. Oven temperature

down to 260°C at once. Close damper after 1 V± min.
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Crispy Rolls

Recipe:

ProductName
%' Gram ppm

Danish, silver flour 2000

Water 58/60

Compressed yeast 120

Salt
32

Sugar
32

-

Ascorbic acid
40

5

Procedure

:

• Mixing: Diosna 2 + 5min. (depending cm flour)
*

» Dough temperature: 26°C

• Scaling: 1350 g

• Resting: 10 min. at 30°C in heating cabinet

• Moulding: Foortuna 3/17/7

• Proofing: 45 min alternatively 90 min at 34°C, 85%^RH.

• Baking: 18 min. at 220°C, 8 sec. steam (Bago-oven), 7 sec. steam (Wachtel-ovcn)

. (MIWE program 28) (0.35 litre steam, 15 min. at 2000°C. 54 min. at 2200°C)
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US Toast

Here a sponge as a pre-mix is prepared, to all ofwhich is then added fee dough.

Recipe

Total flour amount: 1.800,000 g.

Gr
*

%
US
Sponge:

Flour 900.000 g 50.000%

Water

Dry Yeast

Yeast Food

Enzyme
Complex
ADA

900.000

23.400

5.400

0.054

0.036

£'

g

g •

g

g

50.000%

1300%
0300%
0.003%

0.002%

Gr
US
Dough;

Flour 900.000 g 50.000%

Water 234.000

Dry Yeast 25.200
Sugar 153.000
Salt 43.200
Shortening (fat) 36.000

SodJtop. gjQO
Dimodan SDM-T (P100/B) 9.000

Ascorbic acid. 0.072

g 13.000%

g 1.400%

g 8.500%

g 2.400%

.g 2.000%

g 0.450%

g 0300%
g 0.004%

(=7,200 g to 1000 ml
Take JO ml fhm the

solution)

Datem 22-CA-60

Grrodamyl

S685

Grindamyl

H640
TS-E662

4.500 g

300 PPM

20 PPM

100 PPM

0.2500%

Care has to be taken with the water amount added from ascorbic acid solution

other water based solutions, for example in
preparation ofdihtfed solutions.
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The extra added water amount should be withdrawn ixom the water .

amount cm the doueb-eide of the recipe.

The enzyme complex is amix of alpha amylase and amyloglucosidase.

DIMODAN SDM-T (PI 00/B) (obtained from Danisco A/S) is a distilled monoglyceride.

5 Procedure:

For the Sponge: -

Water Temperature: 25°C .

Hobartmixer

10

Step 1, Imin.

Step 2, Imin.

StepS^lmiiL

15 Fermentation: 2h&15min. 40 °C & 80% RH (relative humidity)

45min, in.freezer.

For the Dough:

Mix all ingredients together

20 -Diosna-Mixen Speed 1, 120 sees & Speed 2, 450 sees (or 28°C dough temperature)

On table -rest 5 rain.

Weigh out the breads at 450 g per bread - rest 5 min.

25 Glimek (moulding machine) adjustments: 1,2, 14, 11 - & 9 cm - read on outer position.

Fermentation:

Ih&lOrnia 45°C&90%RH

30 Bake-off:

Start temperature- 250°C in 25 min.

Insert the breads and adjust bake-offtemperature to 200 °C at once,
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Baking trials

In each trial the dough characteristic, stickiness and all over bread score have been

5 evaluated. The dough characteristic is a total of three different parameters: dough

extensibility evaluated just after mixing and again after resting and stickiness after resting.

Each parameter has been evaluated by bakers on a scale from 1 - 10, where 10 are fee best

The score in the examples are a total ofthese different scores.

10 Stickiness evaluation has been subjectively evaluated by bakers just after mixing on a scale

from 1 to 10, where 10 is the best, meaning non sticky.

All over bread score is a total of an evaluation made on bread crust, -crumb, possible

capping and all over energy of the bread Again each parameter is evaluated an a scale

15 from 1-10, where 10 is the best,

EXAMPLE 1 : Testing alternatives m Tweedy bread CUK procedure)

The breads were rested for 70 min each and after a full proofing, each bread was shock

20 treated in order to evaluate the shock resistance and thereby the dough stability.

In the baking trials, both pure enzyme solutions and combinations ofDATEM and enzymes

were tested as alternative to Lipopan F.
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Baking trials 4969-29

est

0.4% PANODAN GB

02% PANODAN GB,

100 • PP01

GRINDAMYL H121,

100 ppm TS-E 662

100 ppm TS-E 662,

100 PP™

GRINDAMYL H 121.

100 PPm

GRINDAMYL EXEL

16

Specific

volume,

ccm/g

5.6

5.75

Shocked

volume,

canals

4.64

4.92

40 ppm Lipopan F

02% PANODAN GB,

20 ppm Lipopan F

5.7

5.8

4.6

4.6

Dough

characteristic

15

14

13

14

Dough

sticldnes

All -over

bread

score

29

30"

29.

27"

20 ppm Lipopan F, 100

ppm TS-E 662, 100

ppm GRINDAMYL H

121

40 ppm Lipopan F, 100

ppm TS-E 662, 100

ppm GRINDAMYL H

121

5.65 4.78 14

From the results it can be concluded that PANODAN GB results in a better crust of the

5 product and a product

The combination of PANODAN GB in combination with xylanase and hexose oxidase

yields a beneficial effect
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When using DATEM and/or HOX in combination with GRINDAMYL EXEL 66 the

volume is increased significantly and the crust is considerably improved. The test with

0.1% PANODAN GB 100 ppm GRINDAMYL EXEL 66 and 100 ppm TS-E 662 (HOX),

5 gave a significantly good result at the same level as 0.4% PANODAN GB. Use ofDATEM
clearly gives a significantly positive effect cm the crust as compared to* pure enzyme

solutions.

EXAMPLE 2: Testing alternatives in Turkish batard

10

Baking trials 7258-2

Test Specific

volume,

ccm/g

Dough

characteristic

Dough

stickiness

All over

bread

score ***

15ppm Lipopan F, 60 ppm

TS-E 680

5.01 14 33

40 ppm Lipopan F 3.78 15

100 ppm TS-E 861* 5.03 16

32

44

*A combination of fimgai xylanase, 1,3 triglyceride degrading lipase and hexose oxidase

Both from the specific volume in the table as well as the pictures shown in Figures 1 - 3 it

15 can be concluded that TS-E 861 performs better.

EXAMPLE 3: Testing alternatives in Crispy Rolls:

The rolls were fermented at two different fermentation times - 45 and 90 min in order to

20 stress the system and thereby give a better picture of the dough strengthening effect of the

products. La general it can be said that 90 min offermentation for a small crispy roll is quite

long.
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Test Specific

volume

45 min,

ccm/g

Specific

volume

90 min,

;
ccm/g

Dough

characteristic

*

Dough

stickiness

*•*

All

over

bread

score

03% PANODAN

A2020

7.15 8.48 14 5
~25

30 ppm LipopaB F 6.83 8,1 14 4 ~26

100 ppm TS-E 662,

100 PPm

GRINDAMYL H 121,

100 PP^

GRINDAMYL EXEL

16

6.98 8.98 14 5 27

From Hie results it can be seen that use of the combination of xylanase, .13 triglyceride

5 degrading lipase and hexose oxidase produces beneficial results.

Ir/ short fermentation times (45 min.) at certain concentrations PANODAN A2020 and

Lipopan F gave comparable volume results. However, 0.3% PANODAN A2020 showed

better results with regard to crispiness of the crust and a better dough stability in general.

,0 We found that Lipopan F often gave a slightly more "wet" crust

Using HOX in combination with GRINDAMYL EXEL 66 and PANODAN 660 results in

an increase in dough stability.

,5 With prolonged fermentation times (90 niin.) all buns become relatively unstable. At some

concentrations PANODAN A2020 does, however, give the best result
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EXAMPLE 4: Testing alternatives in US Toast

Test of Lipopan F in a US sponge and dough using flour from Mexico - hard wheat type,

5 11* heads have afl been

order to evaluate the shock resistance and thereby the dough stability.

Baking trials 7230-1:

Test Specific volume, ccm/g Shocked volume, ccm/g

0.5%PANODAN521 6.88 5.47

10 ppm Lipopan F 6.16 5.36

20 ppm LipopanF 6.44 5.30

40 ppm Lipapm F 6.28 5.52

025% PANODAN 521,

20 ppm GRINDAMYL H

[640, 100ppmTS-E662

7.15 5.74

JO From these tests it is clear that the use of HOX results in a far better dough stability and

consequently an increase ofvolume.

EXAMPLE 5: Testing alternatives in a dough

15 In order to assess the influence of PANODAN® A2020 (a DATEM) as well as

GRINDAMYL™ SUREBake 800 (a hexose oxidase) and combinations thereof on dough
stability, trials were conducted cm the Farinograph using a standard medium flour quality.

The following recipe/procedure was used in fee test

20 300gFlour

6 g Salt

20 ppm Ascorbic Acid

Water according to 500 BU (58,0%)

• Dry mix for 4 min.

25
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In the baking trials, combinations ofDATEM and enzymes were tested and compared to the

control (i.e. no additional ingredients).

The following results were obtained:

Test Arrival time

(min)

Dough
development

(min)

Dough stability

(min)

Softening

(BU) .

- (Control) 2£ 15,6 50

0 4% PANODAN® A2020 22
'

17,7 20

300 ppm SUREBake800 . 2$ 212 20

150ppmSUREBake800 23 22,4 20

0,4% PANODAN® A2020,

300 ppm SUREBakegOO

1,5 2,4 33,7 20

0,4% PANODAN®A2020,

1 50ppm SUREBake800

1 23 25,0 20 . :

From the results it can be conducted -that use of PANODAN® A2020 alone and

GRINDAMYL™ SUREBake 800 alone results in an increased dough stability of the dough

system and a reduced softening effect, meaning that the dough system is stabilised

. ,0 significantly compared to the control system. The addition of PANODAN® A2020^and

GRINDAMYL™ SUREBake 800 in combination results in a greater increase in the dough

stability, compared to when the ingredients were used alone.

15

EXAMPLE Testing alternatives in Crispy rolls

In order to detect the effect ofDATEM or phospholipase, hexose oxidase and combinations

thereof on dough stability and the foal bread volume, trials were carried out using a crispy

roll recipe. In the trial, the fermentation time was varied in order to stress the system.

20 The following recipe/procedure was used for this baking trial:

Mixing: Diosna 2 + 5 min. (depending on flour)

Dough temperature: 26°C

Scaling: 1350 g
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Resting: 10 min. at 30°C in beating cabinet

Moulding: Fortune 3/17/7

Proofing: 45 min, 70 min and 90 min. at 34°C, 85% RH.

Baking: 1 8 min. at 220°C, B sec. steam (Bago-oven), 7 sec. steam (Wachtel-oven) .

(MIWE program 28) (0.35 litre steam, 15 min. at 200C, lA min. at 220°C).

trials were optimised with 100 ppm GRINDAMYL™ A1000 and 20 ppm ascorbic acid

Test Specific

volume g/ccn

45 min

Specific

i volume g/ccn

76 min

Specific

x volume g/ccn

90 min

Dough
i handling

properties

after mixing
- (Control) 627 13 8;81 . . 5 -

03%PANODAN® A2020 733 9.14 9.7 6

150 ppm SUREBake800 636 7.79 9.02 6

300 ppm SUREBake800 639 7.91 8.99 7.

03% PANODAN® A2020,

1 50 ppm SUREBake800

7.86 93 10.65 6

03% PANODAN® A2020,

300 ppm SUREBake800

7.79 9.16 io;24 7

30 ppm LipopanF 7.29 9.07

30ppmlipopan F,

150 ppm SUREBake800

7.42 9.19

20ppm Lipopan F 5.19 6.79

20ppmLipopan F,

100ppmSUREBake800

533 732

10 The dough handling characteristics were evaluated by bakerson a scale from 1 to 10, where
10 is the best.

The results show that at an effective dosage the use ofDATEM alone and phospholipases

alone have a greater effect on the baking performance ofthe system with regards to specific

15 volume when compared to the effect ofhexose oxidase when used alone. However, using

combinations of DATEM or phospholipase and hexose oxidase results in an even greater

influence on the specific volume.
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5

With regards to the dough handling properties, it was observed that both DATEM and

hexose oxidase have a positive influence on the reduction ofthe stickiness of dough.

ctiMWB7 ; Testis sUernarives inT^Y trw* prrad -• shock treated

In this baking trial, DATEM and hexose oxidase and combinations thereofwere tested with

regards to the effect on shock stability of a wheat dough system.

The following recipe and procedure was used for the test
.

10

Tweedy Toast Bread Recipe:

Hour 3000g

Water 1890g

15
Compressed Yeast 120g

Salt 60g ;

Fat 15g •

Ascorbic acid 20ppm

20

, flour used was Ijsvogel™ flour (obtainable from Meneba, NL)
Tbei

25

30

Dough temperature: 29°C (dough temperature - flour temperature + 4°C = water

temperature)

Mixing: 55 WH. Vacuum 40 cm Hg (depending on flour)

Resting: 5 min. at room temperature

Scaling: 900 g

Resting: 5 rain, at room temperature

Moulding: Glimek 1:4, 2:3, 3:16, 4:15

Proofing: 70 min. at 43°C, 70% RH.

Baking: 35 min. + 5 min with the steamer open, at 220°C in BAGO-oven.
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Tbel

ascorbic acid.

were optimised with 100 ppm GRINDAMYL™ A1000 and 20 ppm

The dough handling characteristics were evaluated by bakers on a scale from Mo TO, where
5 10 is fee best

The following results were obtained;

Test Specific

volume
Volume of shock
treated bread

Dough handling

properties
-(Control) 4.75 4.22 5
03% PANODAN® A2020 4.97 4.65 6
300 ppm SUREBakeSOO 4.88 435 7
03% PANODAN®A2020,

300 ppm SUREBake8O0

5.28 4.99 7

JO The results show that the use ofDATEM alone improves the volume and dough handling
properties, whereas the use ofhexose oxidase alone has a greater improvement effect on the
dough handling properties. However, using combinations of DATEM and hexose oxidase
results in an even greater improving influence on the specific volume and dough handling
properties.

15

Conclusion

Based on the different dough rheology and baking trials it can be concluded that use ofboth
DATEM and hexose oxidase alone results in an increased dough and shock stability which

20 can be improved even further by use of combinations of the two products. The same
results/tendencies are seen when a phospholipase like Lipopan F is used instead of
PANODAN® A 2020.
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AH publications national in the above specification are herein incorporated by reference.

Various modifications and variations of fee described methods and system of the present

invention may be apparent to those skilled in fee art u-ifeout.departing from the scope and

5 spirit of fee present invention. -Although fee present invention has been described in

connection with specific preferred embodiments, it should be understood feat fee invention

as claimed should not be unduly limited to such specific embodiments. Indeed, various

xnodifications of fee described modes for carrying out fee invention which are -obvious to

those skilled in biochemistry and biotechnology or related fields are intended to be within

.10 the scope ofthe following claims.
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CLAIMS

L A method ofimproving the theological and/or maehmeability properties ofa flour dough

5 and/or the quality of the product made from the dough, comprising adding to the dough a

combination comprising aMOX and an emulsifying agent

2, A method according to claim 1 wherein the emulsifying agent is a lipase.

10 3. A method according to claim 2 wherein the lipase is selected from the group comprising

a triacylglycerol lipase, a galactolipase, a phospholipase.

4. A method according to any one ofclaims 1 to 3 wherein said MOX is a HOX.

15 5. A method according to claim 4 wherein the HOX is isolated from red algae such as

Iridophycusjlaccidum and Chondrus crisptis, Euthora cristata.

6. A method according to any ofthe preceding claims wherein the flour dough comprises at

least one further dough additive or ingredient

20

7. A method according to claim 6 wherein the further dough additive or ingredient

selected from the group consisting of a vegetable oil, a vegetable fat, an animal fat,

shortening, butterfat, glycerol and milk fat

is

25 8. A method according to any of the preceding claims wherein the flour dough comprises i

hard flour.

9. A method according to any of the preceding claims wherein the product is a bread

product

30

10. A method according to any ofthe preceding claims wherein at least one further enzyme
is added to the dough ingredients, dough additives or the dough.
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• 11. A method according to claim 10 wherein the further enzyme is selected from the group

"

consiEting 0f , xylanase, a cellulase, a hemicellulase, a starch degrading enzyme, a protease,

a lipoxygenase, an oxidoreductase and a lipase, preferably at least a rylanase and/or at least

5 an amylase.-

12 Adoughimprcmngcomposition^^

13. A dough improving composition according to claim 12 wherein the emulsifying agent

10 isa.lipase.
.

• 14. A dough improving composition according to claim 1 3 wherein the lipase is selected

fiom me group comprising a triacylglycero] lipase, a galactolipase, a phospholipase.

15 15. A dough improving composition according to any one of claims 12 to 14 wherein said

MOXisaHOX.

16. A dough improving composition according to claim 15 wherein the MOX is isolated

'

from red algae such as Iridophycusflaccidum and Chondrus crispus, Euthora cristate.

20

17. A dough improving composition according to any one of claims 12-16 wherein tie

flour dough comprises at least one farther dough additive or ingredient

18. A dough improving composition according to claim 17 wherein the further dough

25 additive or ingredient is selected from the group consisting of a vegetable oil, a vegetable

fat, an animal fat, shortening, butterfat, glycerol and millc fat

19. A dough improving composition according to claims 17 wherein the further dough

addition or ingredient is a bard wheat flour.

30

20. Use of a dough improving composition according to any one of claims 12-19 in the

manufacture of a product made from dough wherein the product is a bread product
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21
.
A doxzgi improving corrrposition according to any one ofclaims 12*19 wherein at least

one- further enzyme is added to the dough ingredients, dough additives or the dough.

22. A dough improving composition according to ciairrr21 wherein the further enzyme is

5 selected from the group consisting of a xylanase, a ceDulase, a hemicellulase, a starch

degrading enzyme, a protease, a lipoxygenase, an oxidoreductase and a lipase, preferably at

least a xylanase-and/or at least an amylase,-

23. Use ofa dough improving composition according to any one ofclaims 12 to 22 wherein

*

1 0 said composition improves the Theological and/or machineability properties offlour dough.

24. Use ofa dough improving composition according to any one ofclaims 12to 22 wherein

said composition improves the volume of a baked product made from a flour dough. *

15 25. Useofacombmationcxra^

of a dougji wherein said combination improves the rheological and/or machineability

properties of the flour dough and/or the quality of the product made from the dough.

26. A dough improving composition wherein said dough improving compositian comprises

20 at least the following components: a MOX, an emulsifying agent and a further enzyme.

27. A dough improving composition according to claim 26 wherein said emulsifying agent

is a lipase and/or wherein said further enzyme is a xylanase.

25 28. A dough improving composition according to claim 26 or claim 27 wherein said MOX
isaHOX. .

29. Use of a dough improving composition according to any one of claims 26 to 28 in

baking.

30

. 30. A process for producing a dough improving composition according to any one of

claims 26 to 28 comprising adding to one or two of the components of said dough

improving composition two or one ofthe other components respectively.
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31. A baked product or dough obtained from the dougb improving composition according

to any one of claims 26 to 30.

5 32. An amino acid sequence comprising an amino acid sequence as shown in SEQ ID No 2

or a variant, derivative or fragment thereof.

33. An amino acid sequence compiismg an amino acid sequence as shown in SEQ ID No 2.

10 34. An amino acid sequence consisting of an amino acid sequence as shown in SEQ ID No

2.

.' 35. A method of improving the theological and/or machineabffity properties of a flour

dough and/or the quality of the product made from me dough, comprising adding to the

15 dough an amino acid sequence according to any one of claims 32 to 34. /.:

36. A dough improving composition comprising an amino acid sequence according ferny

one of claims 32 to 34.
^

20 37. Use of an amino acid sequence according to any one of claims 32 to 34 in the

manufacture of a product made from dough wherein the product is a bread product : :

38. A nucleic acid sequence encoding an amino acid sequence according to any one of

claims 32 to 34.

25
•

39. A vector comprising a nucleic acid sequence according to claim 38.

40. A process ofpreparing an amino acid sequence according to any one of claims 32 to 34

comprising expressing a nucleic acid sequence according to claim 38 and optionally

30 isolating and/or purifying said amino acid sequence.

41. A method or dough improving composition in accordance with the present invention

and substantially as described herein.
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Figure 3: 1 00 ppm TS-E 861
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Figure 4

5

SEQIDNol:

15 Figure 5

SEQ ID No 2a: ?
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SEQUENCE LISTINGS

SEQ ID No 1:

SVADTLRQKVEDAVREHroyKVVFT^

LWYFQATDACNA^FSVfittYRSAB

10

SEQIDNo 2:

Seq ID No. 2 includes one ormore offoDowing the sequences

15

SEQ ID No. 2a:

MRSSLVT.FFVSAWTALASFIRJ^VSQDLFNQFNLFAQYSAAAYCGKNNDAPAGTNITCTGNACPBVEKT^

ATFLYSFEDSGVGDVTGFIJlI^NTNKL^

20 SVADTLRQKVEDAVREKPDYR^

TCGTLYRITHT^IVPRLPPREFCTCS^^

LWYFQATDA<mAGGFSWRRYRSAESTO^

SEQ ID No. 2b etc.:

25

One ormore of the following truncations (for further reference see Figure 5)

Truncation ofthe N-terminal sequence before "*SPIRR.

30 Truncation of the N-terminal sequence before
'4EVSQDLFNQFN. .

,

"

Truncation ofthe C-tenninal sequence after . .AHLWYFQATDACNAGGF1"

Truncation ofthe C-terminal sequence after "...AHLWYFQATDACNAGGFSr

35
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Truncation of the C-tenninal sequence after
"...AHLWFQATDACNAGGFSWR1

"


